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ABSTRACT 

Provided are aZeotrope-like compositions comprising tet 
ra?uoropropene and hydro?uorocarbons and uses thereof, 
including use in refrigerant compositions, refrigeration sys 
tems, bloWing agent compositions, and aerosol propellants. 
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AZEOTROPE-LIKE COMPOSITIONS OF 
TETRAFLUOROPROPENE AND 
HYDROFLUOROCARBONS 

[0001] The present application is Divisional application of 
US. application Ser. No.11/119,053 ?led on Apr. 29, 2005, 
noW pending, Which is Continuation-in-Part of US. applica 
tion Ser. No. 10/837,526 ?led onApr. 29, 2004, Which is now 
US. Pat. No. 7,524,805. 
[0002] The present application is also related to and incor 
porates by reference each of the following United States 
Patent Applications: US. application Ser. Nos. 10/837,525, 
?led Apr. 29, 2004; 10/837,521, ?led Apr. 29, 2004, 10/694, 
273, ?led Oct. 27, 2003; 10/695,212, ?led Oct. 27, 2003; 
10/694,272 ?led Oct. 27, 2003. 
[0003] The present application is related to and incorpo 
rates by reference each of the following US. Provisional 
Applications: 60/567,426; 60/567,429; 60/567,427; 60/567, 
425 and 60/567,428, all ofWhich Were ?led onApr. 29, 2004. 

FIELD OF INVENTION 

[0004] The present invention relates generally to composi 
tions comprising 1,1,3,3-tetra?uoropropene. More speci? 
cally, the present invention provides aZeotrope-like composi 
tions comprising 1,1,1,3-tetra?uoropropene and uses thereof. 

BACKGROUND 

[0005] Fluorocarbon based ?uids have found Widespread 
use in industry in a number of applications, including as 
refrigerants, aerosol propellants, bloWing agents, heat trans 
fer media, and gaseous dielectrics. Because of the suspected 
environmental problems associated With the use of some of 
these ?uids, including the relatively high global Warming 
potentials associated thereWith, it is desirable to use ?uids 
having loW or even Zero oZone depletion potential, such as 
hydro?uorocarbons (“HFCs”). Thus, the use of ?uids that do 
not contain chloro?uorocarbons (“CFCs”) or hydrochlorof 
luorocarbons (“HCFCs”) is desirable. Furthermore, some 
HFC ?uids may have relatively high global Warming poten 
tials associated thereWith, and it is desirable to use hydrof 
luorocarbon or other ?uorinated ?uids having global Warm 
ing potentials as loW as possible While maintaining the 
desired performance in use properties. Additionally, the use 
of single component ?uids or aZeotrope-like mixtures, Which 
do not substantially fractionate on boiling and evaporation, is 
desirable. HoWever, the identi?cation of neW, environmen 
tally-safe, non-fractionating mixtures is complicated due to 
the fact that aZeotrope formation is not readily predictable. 
[0006] The industry is continually seeking neW ?uorocar 
bon based mixtures that offer alternatives, and are considered 
environmentally safer substitutes for CFCs and HCFCs. Of 
particular interest are mixtures containing both hydro?uoro 
carbons and other ?uorinated compounds, both of loW oZone 
depletion potentials. Such mixtures and their uses are the 
subject of this invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0007] The present inventors have developed several com 
positions that help to satisfy the continuing need for alterna 
tives to CFCs and HCFCs. According to certain embodi 
ments, the present invention provides aZeotrope-like 
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compositions comprising, or consisting essentially of, 1,1,1, 
3-tetra?uoropropene (“HFO-1234Ze”), preferably trans-1,1, 
1,3-tetra?uoropropene (“transHFO-1234Ze”) and at least one 
compound component selected from the group consisting of 
1,1-di?uoroethane (“HFC-152a”), 1,1,1,2,3,3,3-hepta?uoro 
propane (“HFC-227ea”), 1,1,1,2,-tetraa?uoethane (“HFC 
134a”), 1,1,1,2,2-penta?uoroethane (“HFC-125”) and com 
binations of tWo or more of these. Thus, the present invention 
overcomes the aforementioned shortcomings by providing 
aZeotrope-like compositions that are, in preferred embodi 
ments, substantially free of CFCs and HCFCs and Which 
exhibit relatively constant boiling point and vapor pressure 
characteristics. 

[0008] The preferred compositions of the invention tend to 
exhibit characteristics Which make them particularly desir 
able for use in a number of applications, including as refrig 
erants in automotive air conditioning and heat pump systems, 
and in stationary air conditioning and refrigeration. In par 
ticular, applicants have recogniZed that the present composi 
tions tend to exhibit relatively loW global Warming potentials 
(“GWPs”), preferably less than about 1000, more preferably 
less than about 500, and even more preferably less than about 
1 50. Preferred embodiments of the present compositions tend 
also to have similar or higher refrigeration capacity than 
many conventional HFC refrigerants, for example, HFC 
134a. Accordingly, applicants have recogniZed that such 
compositions can be used to great advantage in a number of 
applications, including as replacements for CFCs such as 
dichlorodi?uormethane (CFC-12), HCFCs, such as chlorodi 
?uoromethane (HCFC-22), and HFCs, such as tetra?uoroet 
hane (HFC-134a) and combinations of HFCs and CFCs, such 
as the combination of CFC-12 and 1,1-di?uorethane (HFC 
152a) (the combination CFC-l2zHFC-152a in a 73.8:26.2 
mass ratio being knoWn as R-500) in refrigerant, aerosol, and 
other applications. 
[0009] Additionally, applicants have recogniZed surpris 
ingly that the aZeotrope-like compositions of the present 
invention exist and can be readily formed in vieW of the 
teachings contained herein. Accordingly, one aspect of the 
present invention provides methods of producing aZeotrope 
like compositions comprising the step of combining HFO 
1234, preferably HFO-1234Ze, and even more preferably 
transHFO-1234Ze, and a compound selected from the group 
consisting of 1,1-di?uoroethane (“HFC-152a”), 1,1,1,2,3,3, 
3-hepta?uoropropane (“HFC-227ea”), 1,1,1,2,-tetraa?uoet 
hane (“HFC-134a”), 1,1,1,2,2-penta?uoroethane (“HFC 
125”) and combinations of tWo or more of these, in amounts 
effective to produce an aZeotrope-like composition. 
[0010] The term “HFO-1234” is used herein to refer to all 
tetra?uoropropenes. Among the tetra?uoropropenes are 
included HFO-1234yf and both cis- and trans-1,3,3,3-tet 
ra?uoropropene (HFO-1234Ze). The term HFO-l 234Ze is 
used herein generically to refer to 1,3,3,3-tetra?uoropropene, 
independent of Whether it is the cis- or trans- form. The terms 
“cisHFO-1234Ze” and “transHFO-1234Ze” are used herein to 
describe the cis- and trans- forms of 1,3,3,3-tetra?uoropro 
pene respectively. The term “HFO-1234Ze” therefore 
includes Within its scope cisHFO-1234Ze, transHFO-1234Ze, 
and all combinations and mixtures of these. 
[0011] Although the properties of cisHFO-1234Ze and 
transHFO-1234Ze differ in at least some respects, and While 
the present aZeotrope-like compositions are based mainly on 
transHFO-1234Ze, it is contemplated that the cisHFO-1234Ze 
form may be present in certain embodiments in amounts 
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Which do not negate the essential nature of the aZeotrope-like 
composition. Accordingly, it is to be understood that the 
terms “HFO-1234Ze” and 1,3,3,3-tetra?uoropropene refer to 
both stereo isomers, and the use of this term is intended to 
indicate that each of the cis- and trans- forms applies and/ or is 
useful for the stated purpose unless otherWise indicated. 
[0012] HFO-1234 compounds are knoWn materials and are 
listed in Chemical Abstracts databases. The production of 
?uoropropenes such as CF3CH:CH2 by catalytic vapor 
phase ?uorination of various saturated and unsaturated halo 
gen-containing C3 compounds is described in Us. Pat. Nos. 
2,889,379; 4,798,818 and 4,465,786, each ofWhich is incor 
porated herein by reference. EP 974,571, also incorporated 
herein by reference, discloses the preparation of 1,1,1,3-tet 
ra?uoropropene by contacting 1,1,1,3,3-penta?uoropropane 
(HFC-245fa) in the vapor phase With a chromium-based cata 
lyst at elevated temperature, or in the liquid phase With an 
alcoholic solution of KOH, NaOH, Ca(OH)2 or Mg(OH)2. In 
addition, methods for producing compounds in accordance 
With the present invention are described generally in connec 
tion With pending United States Patent Application entitled 
“Process for Producing Fluoropropenes” bearing attorney 
docket number (H0003789 (26267)), Which is also incorpo 
rated herein by reference. 
[0013] In addition, applicants have recogniZed that the 
aZeotrope-like compositions of the present invention exhibit 
properties that make them advantageous for use as, or in, 
numerous applications, including as heat transfer composi 
tions (including as refrigerants in automotive air conditioning 
and heat pump systems, and in stationary air conditioning, 
heat pump and refrigeration systems), bloWing agents, pro 
pellants and sterilizing agents. Accordingly, yet other aspects 
of the present invention provide one or more aZeotrope-like 
compositions of the present invention and methods associated 
With these and other uses. 

[0014] In another embodiment, the compositions of this 
invention may be used as propellants in sprayable composi 
tions, either alone or in combination With knoWn propellants. 
The propellant compositions comprise, more preferably con 
sists essentially of, and, even more preferably consist of the 
compositions of the invention. The active ingredient to be 
sprayed together With inert ingredients, solvents, and other 
materials may also be present in the sprayable mixture. Pref 
erably, the sprayable composition is an aerosol. Suitable 
active materials to be sprayed include, Without limitation, 
cosmetic materials such as deodorants, perfumes, hair sprays, 
cleaning solvents, lubricants, as Well as medicinal materials 
such as anti-asthma medications. 
[0015] The present compositions ?nd particular advantage 
in methods and systems involving aerosol compositions, par 
ticularly in medicinal compositions, cleaning composition, 
and other sprayable compositions. Those of skill in the art 
Will be readily able to adapt the present compositions for use 
in such applications Without undue experimentation. 

AZeotrope-Like Compositions 

[0016] As used herein, the term “aZeotrope-like” is 
intended in its broad sense to include both compositions that 
are strictly aZeotropic and compositions that behave like 
aZeotropic mixtures. From fundamental principles, the ther 
modynamic state of a ?uid is de?ned by pressure, tempera 
ture, liquid composition, and vapor composition. An aZeotro 
pic mixture is a system of tWo or more components in Which 
the liquid composition and vapor composition are equal at the 
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stated pressure and temperature. In practice, this means that 
the components of an aZeotropic mixture are constant-boiling 
and cannot be separated during a phase change. 
[0017] AZeotrope-like compositions are constant boiling or 
essentially constant boiling. In other Words, for aZeotrope 
like compositions, the composition of the vapor formed dur 
ing boiling or evaporation is identical, or substantially iden 
tical, to the original liquid composition. Thus, With boiling or 
evaporation, the liquid composition changes, if at all, only to 
a minimal or negligible extent. This is to be contrasted With 
non-aZeotrope-like compositions in Which, during boiling or 
evaporation, the liquid composition changes to a substantial 
degree. All aZeotrope-like compositions of the invention 
Within the indicated ranges as Well as certain compositions 
outside these ranges are aZeotrope-like. 
[0018] The aZeotrope-like compositions of the invention 
may include additional components that do not form neW 
aZeotrope-like systems, or additional components that are not 
in the ?rst distillation cut. The ?rst distillation cut is the ?rst 
cut taken after the distillation column displays steady state 
operation under total re?ux conditions. One Way to determine 
Whether the addition of a component forms a neW aZeotrope 
like system so as to be outside of this invention is to distill a 
sample of the composition With the component under condi 
tions that Would be expected to separate a non-aZeotropic 
mixture into its separate components. If the mixture contain 
ing the additional component is non-aZeotrope-like, the addi 
tional component Will fractionate from the aZeotrope-like 
components. If the mixture is aZeotrope-like, some ?nite 
amount of a ?rst distillation cut Will be obtained that contains 
all of the mixture components that is constant boiling or 
behaves as a single substance. 

[0019] It folloWs from this that another characteristic of 
aZeotrope-like compositions is that there is a range of com 
positions containing the same components in varying propor 
tions that are aZeotrope-like or constant boiling. All such 
compositions are intended to be covered by the terms “aZeo 
trope-like” and “constant boiling”. As an example, it is Well 
knoWn that at differing pressures, the composition of a given 
aZeotrope Will vary at least slightly, as does the boiling point 
of the composition. Thus, an aZeotrope of A and B represents 
a unique type of relationship, but With a variable composition 
depending on temperature and/ or pressure. It folloWs that, for 
aZeotrope-like compositions, there is a range of compositions 
containing the same components in varying proportions that 
are aZeotrope-like. All such compositions are intended to be 
covered by the term aZeotrope-like as used herein. 
[0020] It is Well-recognized in the art that it is not possible 
to predict the formation of aZeotropes. (See, for example, 
US. Pat. No. 5,648,017 (column 3, lines 64-65) and US. Pat. 
No. 5,182,040 (column 3, lines 62-63), both of Which are 
incorporated herein by reference). Applicants have discov 
ered unexpectedly that HFO-1234 and HFCs, particularly the 
HFCs described above, form aZeotrope-like compositions. 
[0021] According to certain preferred embodiments, the 
aZeotrope-like compositions of the present invention com 
prise, and preferably consist essentially of, effective amounts 
of HFO-1234 and the above-noted HFCs. The term “effective 
amounts” as used herein refers to the amount of each com 
ponent Which upon combination With the other component, 
results in the formation of an aZeotrope-like composition of 
the present invention. 
[0022] The aZeotrope-like compositions of the present 
invention can be produced by combining effective amounts of 
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HFO-1234 and a component, preferably in ?uid form, 
selected from the group consisting of 1,1-di?uoroethane 
(“HFC-152a”), 1,1,1,2,3,3,3-hepta?uoropropane (“HFC 
227ea”), 1,1,1,2,-tetra?uroethane (“HFC-134a”), 1,1,1,2,2 
penta?uoroethane (“HFC-125”) and combinations of tWo or 
more of these. Any of a Wide variety of methods knoWn in the 
art for combining tWo or more components to form a compo 
sition can be adapted for use in the present methods to pro 
duce an aZeotrope-like composition. For example, transHFO 
1234Ze and HFC-152a can be mixed, blended, or otherWise 
combined by hand and/or by machine, as part of a batch or 
continuous reaction and/or process, or via combinations of 
tWo or more such steps. In light of the disclosure herein, those 
of skill in the art Will be readily able to prepare aZeotrope-like 
compositions according to the present invention Without 
undue experimentation. 
[0023] Preferably, such aZeotrope-like compositions com 
prise, preferably consist essentially of, from greater than Zero 
to about 99 Wt. % of of HFO-1234, preferably transHFO 
1234Ze, and from about 1 Wt. % to less than 100 Wt. % ofone 
or more components selected from the group consisting 1,1 
-di?uoroethane (“HFC-152a”), 1,1,1,2,3,3,3-hepta?uoro 
propane (“HFC-227ea”), 1,1,1,2,-tetra?uroethane (“HFC 
134a”), and 1,1,1,2,2-penta?uoroethane (“HFC-125”). It Will 
be appreciated by those skilled in the art that the production 
transHFO-1234Ze Will commonly result in product Which 
includes a small proportion of compound Which are not tran 
sHFO-1234Ze. For example, it Would be common in expected 
for a product designated as transHFO-1234Ze to include a 
minor percentage, for example about 0.5 Wt. % up to about 1 
Wt. % of other components, including particularly cisHFO 
1234Ze and/or HFO-1234yf. The term “consisting essentially 
of transHFO-1234Ze” used herein is intended to generally 
include such compositions. 
[0024] More preferably, the present aZeotrope-like compo 
sitions comprise, and preferably consist essentially of, from 
about 5 Wt. % to about 90 Wt. % of HFO-1234, preferably 
transHFO-1234Ze, and from about 10 Wt. % to about 90 Wt. % 
of one or more components selected from the group consist 

ing of 1,1-di?uoroethane (“HFC-152a”), 1,1,1,2,3,3,3-hep 
ta?uoropropane (“HFC-227ea”), 1,1,1,2,-tetra?uroethane 
(“HFC-134a”), and 1,1,1,2,2-penta?uoroethane (“HFC 
125”). Other preferred compositions comprise, or consist 
essentially of, greater than Zero to about 60 Wt. % of HFO 
1234, preferably transHFO-1234Ze, and from about 40 Wt. % 
to less than 100 Wt. % of one or more components selected 
from the group consisting 1,1 -di?uoroethane (“HFC-152a”), 
1,1,1,2,3,3,3-hepta?uoropropane (“HFC-227ea”), 1,1,1,2, 
tetra?uroethane (“HFC-134a”), and 1,1,1,2,2-penta?uoroet 
hane (“HFC-125”). Unless otherWise indicated, all Weight 
percents reported herein are based on the total Weight of the 
HFO-1234 and the one or more components selected from the 
indicated group in the aZeotrope-like composition. 
[0025] According to certain preferred embodiments, the 
present transHFO-1234Ze aZeotrope-like compositions have 
a boiling point of from about —15° C. to about —500 C., and 
even more preferably from about —28° C. to about —500 C., at 
about 14 psia. In certain preferred embodiments, the present 
compositions have a boiling point of about —23° C12o C. In 
other preferred embodiments, the present compositions have 
a boiling point of about —18° C.:1o C. Additionally, in other 
preferred embodiments the present compositions have a boil 
ing point of about —470 C120 C. Preferably, the HFO-1234 
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containing compositions of the present invention are substan 
tially homogenous aZeotrope-like compositions. 

HFO-1234/HFC-134a 

[0026] Certain preferred embodiments of the present inven 
tion provide aZeotrope-like compositions comprising tran 
sHFO-1234Ze and HFC-134a. Preferably, the novel aZeo 
trope-like compositions of the present invention comprise 
effective amounts of transHFO-1234Ze and HFO-134a. 
These embodiments preferably provide aZeotrope-like com 
positions comprising, and preferably consisting essentially 
of, from greater than Zero to about 75 Weight percent tran 
sHFO-1234Ze and from about 25 Wt. % to less than 100 Wt. % 
HFC-134a, more preferably from greater than Zero to about 
60 Wt. % transHFO-1234Ze and from about 40 Wt. % to less 
than 100 Wt. % HFO-134a, and even more preferably from 
about 1% to about 40 Weight percent transHFO-1234Ze and 
from about 60 Wt. % to about 99 Wt. % HFC-134a. In certain 
preferred embodiments, the aZeotrope-like compositions 
comprise, and preferably consist essentially of, from about 5 
Wt. % to about 35 Wt % transHFO-1234Ze and from about 65 
Wt. % to about 95 Wt. % HFO-134a. 

[0027] Preferably, the HFO-1234/HFC-134a compositions 
of the present invention have a boiling of from about —26° C. 
to about —23° C. at about 14 psia. 
[0028] Preferably, the HFO-1234/HFO-134a compositions 
of the present invention have a boiling of about —250 C130 C. 
at about 14 psia. In certain embodiments, the compositions 
have a boiling point of preferably about —25° C.:2° C., and 
even more preferably —250 C110 C., all measured at about 14 
psia. 
[0029] Preferably the HFO-1234 of these embodiments is 
transHFO-1234Ze. 

HFO-1234/HFC-125 

[0030] In certain other preferred embodiments, the present 
invention provides aZeotrope-like compositions comprising 
transHFO-1234Ze and HFC-125. Preferably, such novel 
aZeotrope-like compositions of the present invention com 
prise, or consist essentially of, effective amounts of tran 
sHFO-1234Ze and HFC-125. These embodiments preferably 
provide aZeotrope-like compositions comprising, and prefer 
ably consisting essentially of, from greater than Zero to about 
99 Weight percent transHFO-1234Ze and from about 1 Wt. % 
to less than 100 Wt. % HFC-125, more preferably from greater 
than Zero to about 75 Wt. % transHFO-1234Ze and from about 
25 Wt. % to less than 100 Wt. % HFC-125, even more prefer 
ably from about greater than Zero to about 60 Wt. % tansHFO 
1234Ze and from about 40 to less than 100 Wt. % HFC-125, 
and even more preferably from about 1% to about 40 Weight 
percent transHFO-1234Ze and from about 60 Wt. % to about 
99 Wt. % HFC-125. In certain preferred embodiments, the 
aZeotrope-like compositions comprise, and preferably con 
sist essentially of, from about 2 Wt. % to about 15 Wt % 
transHFO-1234Ze and from about 85 Wt. % to about 98 Wt. % 
HFO-125. 

[0031] Other preferred compositions comprise, or consist 
essentially of, from greater than Zero to about 45 Wt. % 
transHFO-1234Ze and from about 55 to less than 100 Wt. % 
HFC-125. 

[0032] Preferably, the HFO-1234/HFC-125 compositions 
of the present invention have a boiling of about —440 C. to 
about —500 C., at about 14 psia. 
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[0033] Preferably the HFO-1234/HFC-125 compositions 
of the present invention have a boiling of about —470 C120 C., 
preferably —470 C110 C. at about 14 psia. 

HFO-1234/HFC-152a 

[0034] In certain other preferred embodiments, the present 
invention provides aZeotrope-like compositions comprising 
transHFO-1234Ze and HFC-152a. Preferably, such novel 
aZeotrope-like compositions of the present invention com 
prise, or consist essentially of, effective amounts of tran 
sHFO-1234Ze and HFC-152a. These embodiments prefer 
ably provide aZeotrope-like compositions comprising, and 
preferably consisting essentially of, from greater than Zero to 
about 99 Weight percent transHFO-1234Ze and from about 1 
Wt. % to less than 100 Wt. % HFC-152a, more preferably from 
greater than Zero to about 50 Wt. % transHFO-1234Ze and 
from about 50 Wt. % to less than 100 Wt. % HFC-152a, and 
even more preferably from about greater than Zero to about 40 
Wt. % transHFO-1234Ze and from about 60% to less than 100 
Wt. % HFC-227ea. In certan preferred embodiments, the 
aZeotrope-like compositions comprise, and preferably con 
sist essentially of, from about 15 Wt. % to about 30 Wt % 
transHFO-1234Ze and from about 70 Wt. % to about 85 Wt. % 
HFO-l 52a. 
[0035] Preferably, the HFO-1234/HFC-152a compositions 
of the present invention have a boiling of from about —22° C. 
to about —24° C. at about 14 psia. 
[0036] Preferably, the HFO-1234/HFO-152a compositions 
of the present invention have a boiling of about —23° CV21 C. 
at about 14 psia. In certain embodiments, the compositions 
have a boiling point of preferably about —23° CV1o C. mea 
sured at about 14 psia. 
[0037] Preferably the HFO-1234 of these embodiments is 
transHFO-1234Ze. 

HFO-1234/HFC-227ea 

[0038] Certain preferred embodiments of the present inven 
tion provide aZeotrope-like compositions comprising tran 
sHFO-1234Ze and HFC-227ea. Preferably, the novel aZeo 
trope-like compositions of the present invention comprise 
effective amounts of transHFO-1234Ze and HFO-227ea. 
These embodiments preferably provide aZeotrope-like com 
positions comprising, and preferably consisting essentially 
of, from greater than Zero to about 75 Weight percent HFC 
227ea and from about 25 Wt. % to less than 100 Wt. % 
transHFO-1234Ze, more preferably from greater than Zero to 
about 60 Wt. % HFC-227ea and from about 40 Wt. % to less 
than 100 Wt. % transHFC-1234Ze, and even more preferably 
from about 1% to about 40 Weight percent HFC-227ea and 
from about 60 Wt. % to about 99 Wt. % transHFO-1234Ze. In 
certain preferred embodiments, the aZeotrope-like composi 
tions comprise, and preferably consist essentially of, from 
about 5 Wt. % to about 35 Wt % HFC-227ea and from about 65 
Wt. % to about 95 Wt. % transHFO-1234Ze. 

[0039] Preferably, the HFO-1234/HFC-227ea composi 
tions of the present invention have a boiling of from about 
—170 C. to about —19° C. at about 14 psia. 
[0040] Preferably, the HFO-1234/HFO-227ea composi 
tions of the present invention have a boiling of about —18° 
C12o C. at about 14 psia, and even more preferably about 
—18° C11o C., measured at about 14 psia. 
[0041] Preferably the HFO-1234 of these embodiments is 
transHFO-1234Ze. 
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Composition Additives 
[0042] The aZeotrope-like compositions of the present 
invention may further include any of a variety of optional 
additives including lubricants, stabiliZers, metal passivators, 
corrosion inhibitors, ?ammability suppressants, and the like. 
[0043] According to certain embodiments, the aZeotrope 
like compositions of the present invention further comprise a 
stabiliZer. Any of a variety of compounds suitable for stabi 
liZing an aZeotrope-like composition of the present invention 
may be used. Examples of certain preferred stabiliZers 
include stabiliZer compositions comprising stabiliZing diene 
based compounds, and/or phenol compounds, and/or 
epoxides selected from the group consisting of aromatic 
epoxides, alkyl epoxides, alkenyl epoxides, and combina 
tions of tWo or more thereof. 
[0044] In certain preferred embodiments, the compositions 
of the present invention further comprise a lubricant. Any of 
a variety of conventional and unconventional lubricants may 
be used in the compositions of the present invention. An 
important requirement for the lubricant is that, When in use in 
a refrigerant system, there must be su?icient lubricant retum 
ing to the compressor of the system such that the compressor 
is lubricated. Thus, suitability of a lubricant for any given 
system is determined partly by the refri gerant/ lubricant char 
acteristics and partly by the characteristics of the system in 
Which it is intended to be used. Examples of suitable lubri 
cants include, Which are generally those commonly used in 
refrigeration machinery using or designed to use hydro?uo 
rocarbon (HFC) refrigerants, chloro?urocarbon refrigerants 
and hydrochloro?uorocarbons refrigerants, include mineral 
oil, silicone oil, polyalkyl benZenes (sometimes referred to as 
(PABs), polyol esters (sometimes referred to as (POEs), poly 
alkylene glycols (sometimes referred to as (PAGs), polyalky 
lene glycol esters (sometimes referred to as PAG esters), 
polyvinyl ethers (sometimes referred to as PVEs), poly(al 
pha-ole?n) (sometimes referred to as PAOs) and halocarbon 
oils, particularly poly(chlorotri?uorethylene) and the like. 
Mineral oil, Which comprises paraf?n oil or naphthenic oil, is 
commercially available. Commercially available mineral oils 
include Witco LP 250 (registered trademark) from Witco, 
Zerol 300 (registered trademark) from Shrieve Chemical, 
Sunisco 3GS from Witco, and Calumet R015 from Calumet. 
Commercially available polyalkyl benZene lubricants include 
Zerol 150 (registered trademark). Commercially available 
esters include neopentyl glycol dipelargonate Which is avail 
able as Emery 2917 (registered trademark) and Hatcol 2370 
(registered trademark). Commercially available PAGs 
include Motorcraft PAG Refrigerant Compressor Oil, avail 
able from Ford, With similar products being available from 
DoW. Commercially available PAOs include CP-4600 from 
CPI Engineering. Commercially available PVEs are available 
from Idemitsu Kosan. Commercially available PAG esters are 
available from Chrysler. Other useful esters include phos 
phate esters, dibasic acid esters, and ?uoroesters. 
[0045] For refrigeration systems using or designed to use 
HFCs, it is generally preferred to use as lubricants PAGs, PAG 
esters, PVEs, and POEs, particularly for systems comprising 
compression refrigeration, air-conditioning (especially for 
automotive air conditioning) and heat pumps. For refrigera 
tion systems using or designed to use CFCs or HCFCs, it is 
generally preferred to use as lubricants mineral oil or PAB. In 
certain preferred embodiments, the lubricants of this inven 
tion are organic compounds Which are comprised of carbon, 
hydrogen and oxygen With a ratio of oxygen to carbon and are 
included to provide, in combination With the amounts used, 
effective solubility and/or miscibility With the refrigerant to 
ensure suf?cient return of the lubricant to the compressor. 
This solubility or miscibility preferably exists at at least one 
temperature from about —30° C. and 70° C. 
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[0046] PAGs and PAG esters are highly preferred in certain 
embodiments because they are currently in use in particular 
applications such as original equipment mobile air-condition 
ing systems. Polyol esters are highly preferred in other certain 
embodiments because they are currently in use in particular 
non-mobile applications such as residential, commercial, and 
industrial air conditioning and refrigeration. Of course, dif 
ferent mixtures of different types of lubricants may be used. 

Uses of the Compositions 

[0047] The present compositions have utility in a Wide 
range of applications. For example, one embodiment of the 
present invention relates to heat transfer compositions, such 
as refrigerant compositions, comprising an aZeotrope-like 
composition of the present invention. The heat transfer com 
positions of the present invention are generally adaptable for 
use in heat transfer applications, that is, as a heating and/or 
cooling medium. Although it is contemplated that the com 
positions of the present invention may include the present 
aZeotrope-like composition in combination With one or more 
other compounds or combinations of compounds in Widely 
ranging amounts, it is generally preferred that heat transfer 
compositions of the present invention, including refrigerant 
compositions, consist essentially of, and in some embodi 
ments consist of the present aZeotrope-like compositions. 
[0048] The heat transfer compositions of the present inven 
tion may be used in any of a Wide variety of refrigeration 
systems including air-conditioning (including both stationary 
and mobile air conditioning systems), refrigeration, heat 
pump systems, and the like. In certain preferred embodi 
ments, the compositions of the present invention are used in 
refrigeration systems originally designed for use With an 
HFC-refrigerant, such as, for example, HFC-l34a or an 
HCFC refrigerant, such as, for example, HCFC-22. The pre 
ferred compositions of the present invention tend to exhibit 
many of the desirable characteristics of HFC-l34a and other 
HFC-refrigerants, including non-?ammability, and a GWP 
that is as loW, or loWer than that of conventional HFC-refrig 
erants and a capacity that is as substantially similar to or 
substantially matches, and preferably is as high as or higher 
than such refrigerants. In particular, applicants have recog 
niZed that the present compositions tend to exhibit relatively 
loW global Warming potentials (“GWPs”), preferably less 
than about 1000, more preferably less than about 500, and 
even more preferably less than about 150. In addition, the 
relatively constant boiling nature of the compositions of the 
present invention makes them even more desirable than cer 
tain conventional HFCs, such as R-404A or combinations of 
HFC-32, HFC-l25 and HFC- 1 34a (the combination HFC-32: 
HFC-l25:HFCl34a in approximate 23:25:52 Weight ratio is 
referred to as R-407C), for use as refrigerants in many appli 
cations. Heat transfer compositions of the present invention 
are particularly preferred as replacements for HFC-l34, 
HFC-l 52a, HFC-22, R-l2 and R-500. The present composi 
tions are also believed to be suitable as replacements for the 
above noted compositions in other applications, such as aero 
sols, bloWing agents and the like. 
[0049] In certain other preferred embodiments, the present 
compositions are used in heat transfer systems in general, and 
in refrigeration systems in particular, originally designed for 
use With a CFC-refrigerant. Preferred refrigeration composi 
tions of the present invention may be used in refrigeration 
systems containing a lubricant used conventionally With 
CFC-refrigerants, such as mineral oils, polyalkylbenZene, 
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polyalkylene glycols, and the like, or may be used With other 
lubricants traditionally used With HFC refrigerants. 
[0050] As used herein the term “refrigeration system” 
refers generally to any system or apparatus, or any part or 
portion of such a system or apparatus, Which employs a 
refrigerant to provide cooling. Such refrigeration systems 
include, for example, air conditioners, electric refrigerators, 
chillers (including chillers using centrifugal compressors), 
transport refrigeration systems, commercial refrigeration 
systems and the like. 

[0051] In certain embodiments, the compositions of the 
present invention may be used to retro?t refrigeration systems 
containing HFC, HCFC, and/or CFC-refrigerants and lubri 
cants used conventionally thereWith. Preferably, the present 
methods involve recharging a refrigerant system that contains 
a refrigerant to be replaced and a lubricant comprising the 
steps of (a) removing the refrigerant to be replaced from the 
refrigeration system While retaining a substantial portion of 
the lubricant in said system; and (b) introducing to the system 
a composition of the present invention. As used herein, the 
term “substantial portion” refers generally to a quantity of 
lubricant Which is at least about 50% (by Weight) of the 
quantity of lubricant contained in the refrigeration system 
prior to removal of the chlorine-containing refrigerant. Pref 
erably, the substantial portion of lubricant in the system 
according to the present invention is a quantity of at least 
about 60% of the lubricant contained originally in the refrig 
eration system, and more preferably a quantity of at least 
about 70%. As used herein the term “refrigeration system” 
refers generally to any system or apparatus, or any part or 
portion of such a system or apparatus, Which employs a 
refrigerant to provide cooling. Such refrigeration systems 
include, for example, air conditioners, electric refrigerators, 
chillers, transport refrigeration systems, commercial refrig 
eration systems and the like. 

[0052] Many existing refrigeration systems are currently 
adapted for use in connection With existing refrigerants, and 
the compositions of the present invention are believed to be 
adaptable for use in many of such systems, either With or 
Without system modi?cation. In many applications the com 
positions of the present invention may provide an advantage 
as a replacement in smaller systems currently based on cer 
tain refrigerants, for example those requiring a small refrig 
erating capacity and thereby dictating a need for relatively 
small compressor displacement. Furthermore, in embodi 
ments Where it is desired to use a loWer capacity refrigerant 
composition of the present invention, for reasons of ef?ciency 
for example, to replace a refrigerant of higher capacity, such 
embodiments of the present compositions provide a potential 
advantage. Thus, it is preferred in certain embodiments to use 
compositions of the present invention, particularly composi 
tions comprising a substantial proportion of, and in some 
embodiments consisting essentially of the present aZeotrope 
like compositions, as a replacement for existing refrigerants, 
such as: HFC-l34a; CFC- l 2; HCFC-22; HFC- 1 52a; combi 
nations of pent?uoroethane (HFC- l 25), tri?uorethane (HFC 
143a) and tetra?uoroethane (HFC-l34a) (the combination 
HFC-l25:HFC-l43a:HFCl34a in approximate 44:52:4 
Weight ratio is referred to as R-404A); combinations of HFC 
32, HFC-l25 and HFC-l34a (the combination HFC-32:HFC 
l25:HFCl34a in approximate 23:25:52 Weight ratio is 
referred to as R-407C); combinations of methylene ?uoride 
(HFC-32) and pent?uoroethane (HFC- l 25) (the combination 
HFC-32:HFC-l25 in approximate 50:50 Weight ratio is 
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referred to as R-410A); the combination of CFC-12 and 1,1 
di?uorethane (HFC-152a) (the combination CFC-12:HFC 
152a in a 73.8:262 Weight ratio is referred to R-500); and 
combinations of HFC-125 and HFC-143a (the combination 
HFC-125:HFC143a in approximate 50:50 Weight ratio is 
referred to as R-507A). In certain embodiments it may also be 
bene?cial to use the present compositions in connection With 
the replacement of referigerants formed from the combina 
tion HFC-32:HFC-125:HFC134a in approximate 20:40:40 
Weight ratio, Which is referred to as R-407A, or in approxi 
mate 15:15:70 Weight ratio, Which is referred to as R-407D. 
Heat transfer compositions of the present invention are par 
ticularly preferred as replacements for R-22, R-32, R-404A, 
R-407A, R-407C, R-407D, R-410A and R-507A. The present 
compositions are also believed to be suitable as replacements 
for the above noted compositions in other applications, such 
as aerosols, blowing agents and the like. 
[0053] In certain applications, the refrigerants of the 
present invention potentially permit the bene?cial use of 
larger displacement compressors, thereby resulting in better 
energy e?iciency than other refrigerants, such as HFC-134a. 
Therefore the refrigerant compositions of the present inven 
tion provide the possibility of achieving a competitive advan 
tage on an energy basis for refrigerant replacement applica 
tions. It is contemplated that the compositions of the present 
also have advantage (either in original systems or When used 
as a replacement for refrigerants such as CFC-12, HCFC-22, 
HFC-134a, HFC-152a R-404A, R-410A, R-407C, R-500 and 
R-507A), in chillers typically used in connection With com 
mercial air conditioning and refrigeration systems. In certain 
of such embodiments it is preferred to including in the present 
compositions from about 0.5 to about 30%, and in certain 
cases more preferably 0.5% to about 15% by Weight of a 
supplemental ?ammability suppressant. In this regard it is 
noted that the HFO-1234Ze component and the other com 
pound in the aZeotrope-like compositon of the present com 
positions may in certain embodiments act as a ?ammability 
suppressant With respect to other components in the compo 
sition. For example, in cases Where other components more 
?ammable than HFO-1234Ze are included in the composi 
tion, HFO1234-Ze may function to suppress the ?ammability 
of such other component. Thus, any additional components 
Which have ?ammability suppressant functionality in the 
composition Will sometimes be referred to herein as a supple 
mental ?ammability suppressant. 
[0054] In certain embodiments, co-refrigerants, including 
for example HFCs, HCFCs and CFCs may be included in the 
heat transfer compositions of the present invention, including 
one or more of the folloWing compounds, including any and 
all isomers thereof: 
[0055] Trichloro?uoromethane (CFC-1 1) 
[0056] Dichlorodi?uoromethane (CFC- 12) 
[0057] Di?uoromethane (HFC-32) 
[0058] 1,1,1,3,3,3-hexa?uoropropane (HFC-236fa) 
[0059] 1,1,1,3,3-penta?uoropropane (HFC-245fa) 
[0060] 1,1,1,3,3-penta?uorobutane (HFC-365mfc) 
[0061] Water 
[0062] C02 
[0063] The relative amount of any of the above noted com 
ponents, as Well as any additional components Which may be 
included in present compositions, may be incorporated in 
amounts depending on the particular application for the com 
position, and all such relative amounts are considered to be 
Within the scope hereof, provided preferably that such com 
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ponents do not negate the aZeotrope-like nature of the pre 
ferred compositions described herein. 
[0064] The present methods, systems and compositions are 
thus adaptable for use in connection With automotive air 
conditioning systems and devices, commercial refrigeration 
systems and devices, chillers (including systems Which uti 
liZe centrifugal compressors), residential refrigerator and 
freeZers, general air conditioning systems, heat pumps, and 
the like. 

[0065] Any of a Wide range of knoWn methods can be used 
to remove refrigerants to be replaced from a refrigeration 
system While removing less than a major portion of the lubri 
cant contained in the system. For example, because refriger 
ants are quite volatile relative to traditional hydrocarbon 
based lubricants (the boiling points of refrigerants are 
generally less than 100 C. Whereas the boiling points of min 
eral oils are generally more than 2000 C.), in embodiments 
Wherein the lubricant is a hydrocarbon-based lubricant, the 
removal step may readily be performed by pumping chlorine 
containing refrigerants in the gaseous state out of a refrigera 
tion system containing liquid state lubricants. Such removal 
can be achieved in any of a number of Ways knoWn in the art, 
including, the use of a refrigerant recovery system, such as the 
recovery system manufactured by Robinair of Ohio. Altema 
tively, a cooled, evacuated refrigerant container can be 
attached to the loW pressure side of a refrigeration system 
such that the gaseous refrigerant is draWn into the evacuated 
container and removed. Moreover, a compressor may be 
attached to a refrigeration system to pump the refrigerant 
from the system to an evacuated container. In light of the 
above disclosure, those of ordinary skill in the art Will be 
readily able to remove chlorine-containing lubricants from 
refrigeration systems and to provide a refrigeration system 
having therein a hydrocarbon-based lubricant and substan 
tially no chlorine-containing refrigerant according to the 
present invention. 
[0066] Any of a Wide range of methods for introducing the 
present refrigerant compositions to a refrigeration system can 
be used in the present invention. For example, one method 
comprises attaching a refrigerant container to the loW-pres 
sure side of a refrigeration system and turning on the refrig 
eration system compressor to pull the refrigerant into the 
system. In such embodiments, the refrigerant container may 
be placed on a scale such that the amount of refrigerant 
composition entering the system can be monitored. When a 
desired amount of refrigerant composition has been intro 
duced into the system, charging is stopped. Alternatively, a 
Wide range of charging tools, knoWn to those of skill in the art, 
is commercially available. Accordingly, in light of the above 
disclosure, those of skill in the art Will be readily able to 
introduce the refrigerant compositions of the present inven 
tion into refrigeration systems according to the present inven 
tion Without undue experimentation. 
[0067] According to certain other embodiments, the 
present invention provides refrigeration systems comprising 
a refrigerant of the present invention and methods of produc 
ing heating or cooling by condensing and/or evaporating a 
composition of the present invention. In certain preferred 
embodiments, the methods for cooling including cooling of 
other ?uid either directly or indirectly or a body directly or 
indirectly, comprise condensing a refrigerant composition 
comprising an aZeotrope-like composition of the present 
invention and thereafter evaporating said refrigerant compo 
sition in the vicinity of the ?uid or body to be cooled. Certain 
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preferred methods for heating an article comprise condensing 
a refrigerant composition comprising an aZeotrope-like com 
position of the present invention in the vicinity of the ?uid or 
body to be heated and thereafter evaporating said refrigerant 
composition. As used herein, the term “body” is intended to 
refer not only to inanimate objects but also to living tissue, 
including animal tissue in general and human tissue in par 
ticular. For example, certain aspects of the present invention 
involved application of the present composition to human 
tissue for one or more therapeutic purposes, such as a pain 
killing technique, as a preparatory anesthetic, or as part of a 
therapy involving reducing the temperature of the body being 
treated. In certain embodiments, the application to the body 
comprises providing the present compositions in liquid form 
under pressure, preferably in a pressurized container having a 
one-Way discharge valve and/or noZZle, and releasing the 
liquid from the pressurized container by spraying or other 
Wise applying the composition to the body. In light of the 
disclosure herein, those of skill in the art Will be readily able 
to heat and cool articles according to the present inventions 
Without undue experimentation. 
[0068] Applicants have found that in the systems of the 
present invention many of the important refrigeration system 
performance parameters are relatively close to the parameters 
for R-l34a. Since many existing refrigeration systems have 
been designed for R- 134a, or for other refrigerants With prop 
erties similar to R-l34a, those skilled in the art Will appreciate 
the substantial advantage of a loW GWP and/or a loW oZone 
depleting refrigerant that can be used as replacement for 
R-l34a or like refrigerants With relatively minimal modi?ca 
tions to the system. It is contemplated that in certain embodi 
ments the present invention provides retro?tting methods 
Which comprise replacing the refrigerant in an existing sys 
tem With a composition of the present invention, Without 
substantial modi?cation of the system. In certain preferred 
embodiments the replacement step is a drop-in replacement 
in the sense that no substantial redesign of the system is 
required and no major item of equipment needs to be replaced 
in order to accommodate the refrigerant of the present inven 
tion. In certain preferred embodiments, the methods comprise 
a drop-in replacement in Which the capacity of the system is 
at least about 70%, preferably at least about 85%, and even 
more preferably at least about 90% of the system capacity 
prior to replacement. In certain preferred embodiments, the 
methods comprise a drop-in replacement in Which the suction 
pressure and/ or the discharge pres sure of the system, and even 
more preferably both, is/are at least about 70%, more prefer 
ably at least about 90% and even more preferably at least 
about 95% of the system capacity prior to replacement. In 
certain preferred embodiments, the methods comprise a drop 
in replacement in Which the mass How of the system is at least 
about 80%, and even more preferably at least 90% of the 
system capacity prior to replacement. 
[0069] In another embodiment, the aZeotrope-like compo 
sitions of this invention may be used as propellants in spray 
able compositions, either alone or in combination With knoWn 
propellants. The propellant composition comprises, more 
preferably consists essentially of, and, even more preferably, 
consists of the aZeotrope-like compositions of the invention. 
The active ingredient to be sprayed together With inert ingre 
dients, solvents, and other materials may also be present in the 
sprayable mixture. Preferably, the sprayable composition is 
an aerosol. Suitable active materials to be sprayed include, 
Without limitation, cosmetic materials such as deodorants, 
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perfumes, hair sprays, and cleaning solvents, as Well as 
medicinal materials such as anti-asthma medications. The 
term medicinal materials is used herein in its broadest sense to 
include any and all materials Which are, or at least are believe 
to be, effective in connection With therapeutic, diagnostic, 
pain relief, and similar treatments, and as such Would include 
for example drugs and biologically active substances. 
[0070] Yet another embodiment of the present invention 
relates to a bloWing agent comprising one or more aZeotrope 
like compositions of the invention. In general, the bloWing 
agent may include the aZeotrope-like compositions of the 
present invention in Widely ranging amounts. It is generally 
preferred, hoWever, that the bloWing agents comprise the 
present aZeotrope-like compositions in amounts at least about 
5% by Weight, and even more preferably at least about 15% 
by Weight, of the bloWing agent. In certain preferred embodi 
ments, the bloWing agent comprises at least about 50% by 
Weight of the present compositions, and in certain embodi 
ments the bloWing agent consists essentially of the present 
aZeotrope-like composition. In certain preferred embodi 
ments, the bloWing agent includes, in addition to the present 
compositions, one or more of co-bloWing agents, ?llers, 
vapor pressure modi?ers, ?ame suppressants, stabiliZers and 
like adjuvants. 
[0071] In other embodiments, the invention provides foam 
able compositions. The foamable compositions of the present 
invention generally include one or more components capable 
of forming foam having a generally cellular structure and a 
bloWing agent in accordance With the present invention. In 
certain embodiments, the one or more components comprise 
a thermosetting composition capable of forming foam and/or 
foamable compositions. Examples of thermosetting compo 
sitions include polyurethane and polyisocyanurate foam 
compositions, and also phenolic foam compositions. and 
methods of preparing foams. In such thermosetting foam 
embodiments, one or more of the present aZeotrope-like com 
positions are included as a bloWing agent in a foamable com 
position, or as a part of a tWo or more part foamable compo 
sition, Which composition preferably includes one or more 
additional components capable of reacting and foaming 
under the proper conditions to form a foam or cellular struc 
ture, as is Well knoWn in the art. In certain other embodiments, 
the one or more components comprise thermoplastic materi 
als, particularly thermoplastic polymers and/or resins. 
Examples of thermoplastic foam components include poly 
ole?ns, such as polystyrene (PS), polyethylene (PE), 
polypropylene (PP) and polyethyleneterepthalate (PET), and 
foams formed therefrom, preferably loW-density foams. In 
certain embodiments, the thermoplastic foamable composi 
tion is an extrudable composition. 

[0072] It Will be appreciated by those skilled in the art, 
especially in vieW of the disclosure contained herein, that the 
order and manner in Which the bloWing agent of the present 
invention is formed and/ or added to the foamable composi 
tion does not generally affect the operability of the present 
invention. For example, in the case of extrudable foams, it is 
possible that the various components of the bloWing agent, 
and even the components of the present composition, be not 
be mixed in advance of introduction to the extrusion equip 
ment, or even that the components are not added to the same 
location in the extrusion equipment. Thus, in certain embodi 
ments it may be desired to introduce one or more components 
of the bloWing agent at ?rst location in the extruder, Which is 
upstream of the place of addition of one or more other com 
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ponents of the blowing agent, With the expectation that the 
components Will come together in the extruder and/ or operate 
more effectively in this manner. Nevertheless, in certain 
embodiments, tWo or more components of the bloWing agent 
are combined in advance and introduced together into the 
foamable composition, either directly or as part of premix 
Which is then further added to other parts of the foamable 
composition. 
[0073] The invention also relates to foam, and preferably 
closed cell foam, prepared from a polymer foam formulation 
containing a composition of the invention, preferably as part 
of bloWing agent. 
[0074] In certain preferred embodiments, dispersing 
agents, cell stabilizers, surfactants and other additives may 
also be incorporated into the bloWing agent compositions of 
the present invention. Surfactants are optionally but prefer 
ably added to serve as cell stabilizers. Some representative 
materials are sold under the names of DC-193, B-8404, and 
L-5340 Which are, generally, polysiloxane polyoxyalkylene 
block co-polymers such as those disclosed in Us. Pat. Nos. 
2,834,748, 2,917,480, and 2,846,458, each ofWhich is incor 
porated herein by reference. Other optional additives for the 
bloWing agent mixture may include ?ame retardants or sup 
pressants such as tri(2-chloroethyl)phosphate, tri(2-chloro 
propyl)phosphate, tri(2,3-dibromopropyl)-phosphate, tri(l, 
3-dichloropropyl) phosphate, diammonium phosphate, 
various halogenated aromatic compounds, antimony oxide, 
aluminum trihydrate, polyvinyl chloride, and the like. 
[0075] Any of the methods Well known in the art, such as 
those described in “Polyurethanes Chemistry and Technol 
ogy,” Volumes I and H, Saunders and Frisch, 1962, John 
Wiley and Sons, NeW York, N.Y., Which is incorporated 
herein by reference, may be used or adapted for use in accor 
dance With the foam embodiments of the present invention. 

[0076] Other uses of the present azeotrope-like composi 
tions include use as solvents, cleaning agents, and the like. 
Those of skill in the art Will be readily able to adapt the present 
compositions for use in such applications Without undue 
experimentation. 

EXAMPLES 

[0077] The invention is further illustrated in the folloWing 
example Which is intended to be illustrative, but not limiting 
in any manner. For examples 1-4, a ebulliometer of the gen 
eral type described by SWietolsloWski in his book AEbullio 
metric Measurements@ (Reinhold, 1945) Was used. 

Example 1 

[0078] An ebulliometer consisting of vacuum jacketed tube 
With a condenser on top Which is further equipped With a 
Quartz Thermometer is used. About 21 g HFC-134a is 
charged to the ebulliometer and then HFO-1234ze is added in 
small, measured increments. Temperature depression is 
observed When HFO-1234 is added to HFC-134a, indicating 
a binary minimum boiling azeotrope is formed. From greater 
than about 0 to about 51 Weight percent HFO-1234ze, the 
boiling point of the composition changed by about 13° C. or 
less. The binary mixtures shoWn in Table 1 Were studied and 
the boiling point of the compositions changed by less than 
about 20 C. The compositions exhibit azeotrope and/or azeo 
trope-like properties over this range. 
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TABLE 1 

HFO-1234/HFC-134a compositions at 14.41 psia 

Wt. % Wt. % Trans 
T (0.) 134a 1234Z6 

—25.288 100.00 0.00 
—25.522 99.07 0.93 
—25.581 95.01 4.99 
—25.513 91.74 8.26 
—25.444 86.21 13.79 
—25.366 77.87 22.13 
—24.926 67.47 32.53 
—24.633 61.67 38.33 
—24.291 55.23 44.77 
—23.998 51.05 48.95 

Example 2 

[0079] An ebulliometer consisting of vacuum j acketed tube 
With a condenser on top Which is further equipped With a 
Quartz Thermometer is used. About 35 g HFC-125 is charged 
to the ebulliometer and then HFO-1234ze is added in small, 
measured increments. Temperature depression is observed 
When HFO-1234ze is added to HFC-125, indicating a binary 
minimum boiling azeotrope is formed. From greater than 
about 0 to about 24 Weight percent HFO-1234ze, the boiling 
point of the composition changed by about 20 C. or less. The 
binary mixtures shoWn in Table 1 Were studied and the boiling 
point of the compositions changed by less than about 6° C. 
The compositions exhibit azeotrope and/ or azeotrope-like 
properties over this range. 

TABLE 2 

HFO-1234/HFC-125 compositions at 14.40 psia 

Wt. % Wt. % Trans 
T (0.) 125 1234Z6 

—48.446 100.00 0.00 
—48.546 99.42 0.58 
—48.898 96.35 3.65 
—48.697 92.27 7.73 
—47.842 84.68 15.32 
—46.686 77.49 22.51 
—44.856 68.02 31.98 
—43.177 59.57 40.43 
—42.513 56.97 43.03 

Example 3 

[0080] An ebulliometer consisting of vacuum j acketed tube 
With a condenser on top Which is further equipped With a 
Quartz Thermometer is used. About 17 g HFC-152a is 
charged to the ebulliometer and then HFO-1234 is added in 
small, measured increments. Temperature depression is 
observed When HFO-1234 is added to HFC-152a, indicating 
a binary minimum boiling azeotrope is formed. From greater 
than about 0 to about 30 Weight percent HFO-1234, the boil 
ing point of the composition changed by about 08° C. or less. 
The binary mixtures shoWn in Table 1 Were studied and the 
boiling point of the compositions changed by less than about 
1° C. The compositions exhibit azeotrope and/or azeotrope 
like properties over this range. 
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TABLE 3 

HFO-1234/HFC-152a compositions at 14.39 psia 

Wt. % Wt. % Trans 
T (0.) 152a 1234Z6 

—23.455 100.00 0.00 
—23.504 99.34 0.66 
—23.631 96.83 3.17 
—23.778 94.99 5.01 
—23.817 87.22 12.78 
—24.160 81.49 18.51 
—23.797 70.59 29.41 

Example 4 

[0081] An ebulliometer consisting of vacuum jacketed tube 
With a condenser on top Which is further equipped With a 
Quartz Thermometer is used. About 18 g HFO-1234 is 
charged to the ebulliometer and then HFC-227ea is added in 
small, measured increments. Temperature depression is 
ob served When HFC-227ea is added to HFO-1234, indicating 
a binary minimum boiling aZeotrope is formed. From greater 
than about 0 to about 53 Weight percent HFC-227ea, the 
boiling point of the composition changed by about 0.70 C. or 
less. The binary mixtures shoWn in Table 1 Were studied and 
the boiling point of the compositions changed by less than 
about 10 C. The compositions exhibit aZeotrope and/or aZeo 
trope-like properties over this range. 

TABLE 4 

HFO-1234/HFC-227ea compositions at 14.44 psia 

Wt. % Trans- Wt. % 
T (C.) 1234Ze 227ea 

—18.124 100.00 0.00 
—18.310 98.87 1.13 
—18.506 93.23 6.77 
—18.653 86.62 13.38 
—18.741 76.24 23.76 
—18.555 66.40 33.60 
—18.359 58.18 41.82 
—18.114 52.63 47.37 
—18.055 46.56 53.44 

What is claimed is: 
1. An aZeotrope-like composition comprising effective 

amounts of trans-1,3,3,3-penta?uoropropane (transHFO 
1234Ze) and 1,1,1,2,-tetraa?uoethane (“HFC-l34a”). 

2. The aZeotrope-like composition of claim 1 comprising 
greater than Zero to about 75 Weight percent transHFO 
1234Ze and from about 25 to less than 100 Weight percent of 
HFC-134a. 

3. The aZeotrope-like composition of claim 1 Which con 
sists essentially of from greater than Zero to about 60 Weight 
percent transHFO-1234Ze and from about 40 to less than 100 
Weight percent of HFC-134a. 

4. The aZeotrope-like composition of claim 1 comprising 
from about 1 to about 40 Weight percent transHFO-1234Ze 
and from about 60 to about 99 Weight percent of HFC-l34a. 

5. The aZeotrope-like composition of claim 1 comprising 
from about 5 to about 35 Weight percent transHFO-1234Ze 
and from about 65 to about 95 Weight percent of HFC-l34a. 
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6. An aZeotrope-like composition in accordance With claim 
1 having a boiling point of from about —26° C. to about —23° 
C. at a pressure of about 14 psia. 

7. An aZeotrope-like composition in accordance With claim 
1 having a boiling point of from about —26° C. to about —23° 
C. at a pressure of about 14.4 psia. 

8. A composition comprising the composition of claim 1 
and at least one adjuvant selected from the group consisting of 
supplemental lubricants, compatibiliZers, surfactants, 
supplemental ?ame suppressants, solubiliZing agents, dis 
persing agents, cell stabiliZers, cosmetics, polishing agents, 
medicaments, cleaners, ?re retarding agents, colorants, 
chemical sterilants, stabiliZers, polyols, polyol premix com 
ponents and combinations of tWo or more of these. 

9. A heat transfer composition comprising the composition 
of claim 8 and Wherein said adjuvant comprises at least one 
lubricant. 

10. The heat transfer composition of claim 9 Wherein said 
supplemental lubricant is selected from the group consisting 
of mineral oil, silicone oil, polyalkyl benZenes (PABs), polyol 
esters (POEs), polyalkylene glycols (PAGs), polyalkylene 
glycol esters (PAG esters), polyvinyl ethers (PVEs), poly 
(alpha-ole?ns) (FAQs), and combinations of these. 

11. The heat transfer composition of claim 10 Wherein said 
supplemental lubricant(s) together are present in an amount 
of from about 5 to about 50 percent by Weight of the heat 
transfer composition. 

12. A heat transfer composition comprising an aZeotrope 
like composition of claim 1. 

13. A heat transfer composition comprising at least about 
50% by Weight of the composition of claim 1. 

14. A refrigeration system comprising a heat transfer com 
position of claim 13 Wherein said system is selected from 
group consisting of automotive air conditioning systems, 
residential air conditioning systems, commercial air condi 
tioning systems, residential refrigerator systems, residential 
freeZer systems, commercial refrigerator systems, commer 
cial freeZer systems, chiller air conditioning systems, chiller 
refrigeration systems, heat pump systems, and combinations 
of tWo or more of these. 

15. A bloWing agent comprising an aZeotrope-like compo 
sition of claim 1. 

16. A foamable composition comprising one or more com 
ponents capable of forming foam and an aZeotrope-like com 
position of claim 1. 

17. The foamable composition of claim 16 Wherein said 
one or more components capable of forming foam comprise 
one or more components capable of forming foam selected 
from the group consisting of thermoplastic foams, polysty 
rene foams, polyethylene foams, loW density polyethylene 
foams, extruded thermoplastic foams, polyurethane foams, 
and polyisocyanurate foams. 

18. A foam formed from the foamable composition of 
claim 17. 

19. A method of replacing an existing refrigerant contained 
in a refrigerant system comprising removing at least a portion 
of said existing refrigerant from said system and replacing at 
least a portion of said existing refrigerant by introducing into 
said system a refrigerant composition comprising the com 
position of claim 1. 

20. The method of claim 19 Wherein said existing refrig 
erant is selected from the group consisting of HFC-l34a, 
R-12, R-500, HFC-l52a, and HFC-22 and combinations of 
these. 
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21. A sprayable composition comprising a material to be 23. A method for cooling an article Which comprises con 
Sprayed and a propellant Comprising an aZeOH'OPeJike COIH- densing a composition Of claim 1 and thereafter evaporating 
position of Claim 1_ said composition in the Vicinity of the article to be cooled. 

_ _ _ _ _ 24. A method for heating an article Which comprises con 

22'_The Sprayable QOmPOSlUOn of Clalm 21 Where“? Sald densing a composition of claim 1 in the Vicinity of the article 
material to be Sprayed 15 Selected from the group Conslsnng of to be heated and thereafter evaporating said composition. 
cosmetics, cleaning solvent, lubricants and medicinal mate 
rials. * * * * * 


